Forty five rabi sorghum land races were evaluated along with three checks M35-1, CSV 22R and Phule Chitra for three years (2011)(2012)(2013) at ARS, Tandur to identify promising and stable donors for yield and related traits to be used in crossing programmes. Analysis of variance of pooled data over three years indicated significant differences among the genotypes and environments for days to 50% flowering, days to maturity, plant height, test weight, grain yield and fodder yield. Significant GxE interaction was observed for the six traits indicating differential response of the genotypes to different seasons. Environmental indices revealed early expression of flowering and early crop maturity in 2012 and 2013 respectively. The expression of plant height was good in 2013 and test weight, grain and fodder yields in the year 2011. This study identified that the land races Jamkhed local1 and RSV 1460 for breeding early duration types, RSV 1425 for improving the test weight, RS 1449 and Pusegaon local for grain yield improvement, Dharampur local, Nimbodi local, SSRG 170, SSRG 204, SSRG 203 and SSRG 236 for forage sorghum improvement are suitable.
Introduction
Sorghum is the fifth most important cereal crop in the world after rice, wheat, maize and barley and is the staple food of more than 500 million people in the developing countries. Owing to its multiple uses as food, feed, fodder and biodiesel it is extensively cultivated. In India, rabi sorghum is being grown in an area of 4.8 million ha with a production of 4.1 millon tons and productivity of 971 kg/ha (Umakanth et al., 2012) . Indian productivity is far less than the world average productivity (1.4t/ha) because of its cultivation under varied soil types in receding soil moisture conditions by resource poor farmers. Genetic improvement in rabi sorghum was hindered because of narrow genetic base and lack of phenotypic variability and stability among the breeding lines (Prabhakar, 2002) .
Land races are primitive cultivars selected and cultivated by farmers for generations together for subsistence. They have wide genetic diversity, adaptability and high degree of resistance to biotic and abiotic stresses. Indian rabi sorghum landraces are rich repository of genetic variability that responds to selection. Variability in the rabi landraces was exploited in the development of popular cultivars like M35-1 (a selection from Maldandi landrace 75 years ago at Mohol in Maharashtra), CSV 216R (a landrace selection from Maharashtra released in 2000), Selection 3 (selection from Bidar local) and Phule maulee. Several landraces were being used as donors in parental line improvement in developing heterotic and quality rabi hybrids. (Reddy et al., 2006 and Sajjanar et al., 2009 ). The present investigation therefore, was carried out to identify promising and stable landraces for use as donors in the genetic improvement of dual purpose sorghum.
The most popular aid for stability estimation is the model proposed by Eberhart & Russel (1966) . According to it a genotype is considered stable if it has a unit regression over the environments (b=1) and minimum deviation from regression (S2d = 0). A genotype with high mean yield over the environments, unit regression coefficient (b = 1) and minimum deviation from regression (S2di = 0) is preferable. High value of regression (bi>1) indicates that the variety is more responsive for input rich environment, while low value of regression (bi<1), is an indication that the variety may be adapted to poor environments.
Materials and methods
The experimental material consisted of 45 landraces of rabi sorghum collected from rabi sorghum growing areas of Karnataka and Maharashtra. The seed was obtained from the Indian Institute of Millets Research under the All India Coordinated Sorghum Improvement Project (AICSIP). The accessions primarily belong to the biological race durra. The varieties M35-1, CSV22R and Phule Chitra were used as checks. The field trial was conducted at Rabi 2011 Rabi , 2012 Rabi and 2013 by following the standard package of practices. Ten randomly selected plants from each replication were used to record the data on days to 50 % flowering (days), days to maturity (days), plant height (cm), test weight (g), grain yield (kg) and fodder yield (kg).The pooled data of three years was subjected to analysis of variance. The stability parameters were computed after verifying the homogeneity of error variances following the Eberhart and Russell (1966) model. The environmental indices (ei) were computed as deviation of the environmental mean pooled over years from the population mean.
Results and discussion
The pooled analysis of variance (Table 1) revealed that mean sum of squares due to genotypes and environments were significant for the traits viz., days to 50% flowering, days to maturity plant height, test weight, grain yield and fodder yield indicating the presence of variability among the genotypes as well as production environments. The G x E interaction for various traits was also significant indicating the differential response of the genotypes in different seasons.
Significant genotypic environment interaction for various yield related traits was reported in rabi sorghum by Shivani et al (2014) , Raghu rami reddy et al (2004) , Santos et al (1995) , Narkhede et al (1997) , Khandelwal et al (2005) , Prabhakar et al (2010) and Umakant et al (2012) . Both linear and nonlinear components of G x E interaction were significant showing the importance of both linear (predictable) and non-linear (unpredictable) components in the expression of these traits. The linear component (GE linear) being predominant over the nonlinear component (pooled deviation) for the days to 50% flowering helps in predicting the performance of genotypes across environments. The non linear component was predominant over the linear component (GE linear) for the traits days to maturity, plant height, test weight, grain yield and fodder yield revealing the role of unpredictable factors in explaining the stability.
For trait days to 50% flowering, ten genotypes had non-significant deviation from regression indicating their stability in performance (RSV 1460, 1478, 1479, Jamkhed local 1, Jamkhed local 2, Nimbodi local, Bidar local, Bairadogi, SSRG147 and SSRG 206). Regression coefficients were less than 1 for four genotypes namely RSV 1460, RSV 1479, Nimbodi local and Bairadogi suggesting their suitability under low input or unfavourable environmental conditions. The genotypes RSV 1478, Jamkhed local 1, Bidar local, SSRG 147 and SSRG 206 had regression coefficients above 1 indicating their suitability under favourable or input rich conditions. None of the landraces were early, except Jamkhed local 1 (u=70 days) which is suitable under high input conditions (b=1.64) and RSV 1460 (u=71 days) suitable under low input conditions (b=0.8).
The genotypes recorded an overall mean of 119 days for maturity over the three environments. Six genotypes were found to be early and stable for crop duration. The four landraces Yadigir local, Jamkhed local 1, Bairadogi and Honawad 2 were suitable under low input conditions (b<1) while RSV 1460 and SSRG 170 were suitable to high input conditions (b>1).
The Plant height among the genotypes varied between 144 cm (SSRG 170) to 211.4 cm (SSRG 201) with an average of 183.4 cm. None of the genotypes except CSV 22R recorded unit regression coefficient. Four landraces were found to be stable for tallness. Aurad local and SSRG 201 were suitable under high input conditions (b>1), while SSRG 202 and SSRG 206 were suitable to low input conditions (b<1). The two landraces stable for reduced plant height namely RSV 1426 and SSRG 170 were suitable to low input conditions (b<1). These genotypes may be utilized in breeding semi dwarf non-lodging types.
The test weight among the genotypes varied between 2.68 g (SSRG 164) to 3.53g (RSV 1461) with an overall mean of 3.08 g. RSV 1425 (u=3.46g) recorded unit regression coefficient indicating average response to environmental conditions while RSV 1461(u=3.53g) was found suitable to low input conditions (b<1).
The grain yield among the landraces varied between 1050.2 Kg/ha (Mardi local) to 2173.1 kg/ha (Halyal local) with an average of 1678 kg/ha. Out of twelve landraces stable for grain yield, Halyal local and Mangalwedha local were found suitable to favourable environments (b>1) while RSV 1458 was found suitable to unfavourable environments (b<1). The landraces RSV 1449, Pusegaon local and the variety Phule chitra were suitable under average input conditions (b close to1) and hence can be used as donors in grain yield improvement of rabi sorghum. High stability of Phule Chitra for grain and fodder yields under diverse rabi situations was earlier reported by Sanjana Reddy et al (2009) . It was observed that the promising and stable landraces for various yield traits were more suitable to poor or low input environments as they were cultivated for generations together and hence have become adapted to such conditions. The landraces were known to have high yield stability with intermediate yield level under low input agricultural system (Zeven, 1998) .
The fodder yield, landraces Halyal local and Mangalwedha local showed high mean yield and suitable under input rich environments (b>1) while Bidar local showed high mean yield and suitable to low input environments (b<1). The six landraces Dharampur local, Nimbodi local, SSRG 170, SSRG 204, SSRG 203 and SSRG 236 were stable under average input conditions(b=1) and hence can be deployed for breeding forage types.
The Environmental index helps in identification of favourable and unfavourable environments for the expression of a trait of interest. Estimates of environmental index (Table 3) 
